Anisotropies in cortical tension reveal the physical basis of polarizing cortical flows by Mayer, Mirjam et al.
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Supplementary Figure 1: Experimental procedure (next page). (a) Schematic of an experi-
mental COLA time course with black lines representing individual frames, and yellow scissors
representing the laser cut. Before and after COLA, the time interval between two consecutive
frames is 1 s; COLA itself has a duration of 5 s, during which no images are acquired. The
pre-cut frame is illustrated in magenta, the post-cut frame in green; their overlay is shown in
(b) (top right). The initial outward velocity is obtained from cross-correlating pre- and post-cut
frames using PIV. The resulting flow field is averaged in two regions close to the cut (yellow
boxes), and the mean orthogonal component away from the cut line provides an initial outward
velocity for each experiment, which is averaged over all experiments for a given condition to
give vmean0 . As a control, two frames of equivalent time interval prior to COLA are processed in
the same way ((b), left panel). (c) Time decay for an individual experiment (top) and an average
time decay (bottom), obtained by cross-correlating pairs of consecutive post-cut images (see
schematic in (a)). The outward velocity decays over time, and the entire distribution is best
fit by the combination (solid lines in both graphs) of an exponential (top, dashed line) and a
linear decay function (top, dotted line). This procedure provides a fitted initial outward velocity
vfit0 and a decay constant τ , which is indicated in the averaged plot (solid line representing the
mean, shaded region the 95% confidence interval). (d) Comparison of vmean0 , vfit0 and control
for anterior COLA along the AP-axis (schematic inset), demonstrating that vmean0 and v
fit
0 are in
good agreement and that the control velocity is close to zero.
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Supplementary Figure 2: Cortical reactions to COLA and classification of experiments.
Statistics and classification of NMY-2::GFP zygotes after COLA under (a) polarising non-
RNAi, (b) spd-5(RNAi), (c) pre-polarised non-RNAi and (d) rga-3(RNAi) and ect-2(RNAi) con-
ditions. Surviving embryos are illustrated in different shades of blue, dying embryos in different
shades of yellow. The ordinate gives the values in percent; the total number n of experiments
for each condition and orientation is given below each bar. With the exception of pre-polarised
embryos, the largest fraction of embryos resealed their wounds quickly (Supplementary Fig. 4)
and subsequently underwent a normal first cell division under all conditions tested. Only these
embryos were used for all following analyses. Note that the fraction of embryos that resealed is
much lower for the pre-polarised young embryos in (c) than for all other conditions, probably
owing to their increased sensitivity. Interestingly, COLA never initiated polarisation or large-
scale cortical flows, suggesting that a singular local weakening of the cortex is insufficient to
trigger polarity establishment.
3
doi: 10.1038/nature09376 SUPPLEMENTARY INFORMATION
www.nature.com/nature  
0s
0s
CO
LA
a
A
nt
er
io
r 
CO
LA
Po
st
er
io
r 
CO
LA
PA
-5s
b c
-5s
PA
d e f
GFP::MOE
CO
LA
10s
5µm
Supplementary Figure 3: Anterior and posterior ablation of a C. elegans zygote expressing
GFP::MOE. (a) Schematic illustration of anterior COLA along a 6 µm line (cyan) parallel to
the AP-axis. Red scissors depict laser ablation, black arrows the perpendicular cut response.
(b) Pre- and post-cut frames and enlarged overlay of the cut region (pre-cut frame in magenta,
post-cut frame in green, cut line in cyan). Black arrows illustrate the cortical displacement in
response to anterior COLA along the AP-axis. (c) Kymograph recorded perpendicular to the
cut line, showing the initial response of the cortex after COLA. The cut line is indicated in
cyan, pre- and post-cut frames by magenta and green arrowheads, respectively. (d) Schematic
illustration of posterior COLA along a 6 µm line (cyan) parallel to the AP-axis. Blue scissors
depict laser ablation, black arrows the perpendicular cut response. (e) Pre- and post-cut frames
and enlarged overlay of the cut region (pre-cut frame in magenta, post-cut frame in green, cut
line in cyan). Black arrows illustrate the cortical displacement in response to posterior COLA
along the AP-axis. (f) Kymograph recorded perpendicular to the cut line, showing the initial
response of the cortex after COLA. The cut line is indicated in cyan, pre- and post-cut frames
by magenta and green arrowheads, respectively. Scale bars are 5 µm.
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Supplementary Figure 4: Kymographs of anterior and posterior COLA along the AP-axis.
Kymographs were recorded approximately perpendicular (red line in overview) to the cut line
(cyan). The abscissa depicts this spatial line; time is represented along the ordinate (duration
given next to the arrow). Scale bars are 5 µm. Note that initial tmovements in response to
COLA appear to display exponential behaviour (kymographs in Fig. 1 and 3, Supplementary
Fig. 3). Note also the delayed resealing process, involving both an inward movement from the
rim of the cut toward its center (pink arrows) and a central accumulation of actin markers and
myosin from the cytoplasm (orange asterisks).
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Supplementary Figure 5: Antero-posterior ratios of actin intensities and decay times. (a)
Representative GFP::MOE image (left) illustrating the quantification of F-actin density by con-
sidering normalised fluorescence intensities in equally-sized square regions within the anterior
(red) and posterior (blue) cortex of zygotes at 30% retraction. Scale bar is 5 µm. The respec-
tive fluorescence densities are shown in arbitrary units for 24 GFP::MOE zygotes imaged under
identical conditions (a, right). (b) Ratio of anterior to posterior GFP::MOE fluorescence density
and ratio of posterior to anterior τ values obtained after COLA. Relaxation times τ and stiffness
k are inversely proportional, as depicted in the equation. (c) Anterior (red) and posterior (blue)
relaxation constants τ for 88 and 120 COLA experiments along the AP-axis, respectively. Note
that the two ratios (1.32 ± 0.16 for fluorescence density and 1.41 ± 0.50 for τ ratio) are in
good agreement (b), suggesting that the differences in viscoelastic properties between the ante-
rior and posterior cortices could be explained by a stiffer anterior cortex due to higher anterior
F-actin density.
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Supplementary Figure 6: Sizes of NMY-2 foci and inter-foci distances in the C. elegans zy-
gote. (a) Individual example of a segmented worm embryo expressing NMY-2::GFP at 30%
retraction with detected foci coloured in green and the distances of close foci neighbours indi-
cated with dashed lines, colour-coded as in (d). Scale bar is 5 µm. (b) Distribution of foci area
of 120 foci from 7 different embryos. (c) Distribution of the respective equivalent diameters of
these 120 foci. (d) Colour scheme according to which foci distances were classified. Angles
with the AP-axis between 0◦ and 18◦ are coloured in dark orange, between 18◦ and 36◦ in light
orange, between 54◦ and 72◦ in light blue and between 72◦ and 90◦ in dark blue. (e-h) Inter-foci
distances between foci for the respective angle bins. The bin for angles between 36◦ and 54◦
is not displayed, since angles in this bin do not exhibit a preferential orientation with respect to
the AP-axis. Taken together, the distribution of inter-foci distances does not appear to depend
significantly on the angle with the AP-axis. Therefore, myosin foci are not distributed more
densely along the AP-axis as compared to across it. This is consistent with the rapid turnover
of the cortex (Supplementary Fig. 10), and we do not expect the cortex to retain a compressed
architecture because of this rapid turnover (with the exception of the pseudocleavage furrow
region, Supplementary Fig. 9). 7
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Supplementary Figure 7: Quantification of naturally occurring rupture events. Ruptures
were classified in angular bins as illustrated in (a), with angles with the AP-axis between 0◦ and
18◦ depicted in dark orange, between 18◦ and 36◦ in light orange, between 36◦ and 54◦ in grey,
between 54◦ and 72◦ in light blue and between 72◦ and 90◦ in dark blue. The occurrence of
rupture events varied greatly and most embryos did not display many such events. Therefore,
we selected and quantified two embryos each with high rupture incidence for conditions of (b)
non-RNAi NMY-2::GFP before symmetry breaking (SB) (c) non-RNAi NMY-2::GFP after SB
and (c) NMY-2::GFP (spd-5 RNAi). Note that in the presence of flows (condition c) there is a
preference for rupture events to occur orthogonally to the AP-axis (blue bins).
8
doi: 10.1038/nature09376 SUPPLEMENTARY INFORMATION
www.nature.com/nature  
CO
LA
a
 C
O
LA
 a
lo
ng
 A
P 
ax
is
 
PA
b c
d
NMY-2::GFP early embryos
 C
O
LA
 a
lo
ng
 D
V 
ax
is
 
0s
10s
PA
5µm
CO
LA
f
-5s
0s
-5s
e
Supplementary Figure 8: Parallel and orthogonal cortical tension in pre-polarised C. ele-
gans zygotes measured by COLA. (a) Schematic of COLA in the future anterior domain along
the AP-axis. Top, scissors indicate laser ablation; bottom, arrows depict displacements in re-
sponse to COLA. (b) Pre- (top left) and post-cut image (bottom left) of COLA in a pre-polarised
NMY-2::GFP zygote; right, enlarged overlay of the cut region with black arrows illustrating the
cortical displacement between the pre-cut frame (magenta) and post-cut frame (green). (c) Ky-
mograph of anterior COLA taken perpendicular to the cut line. Magenta and green arrowheads
mark the pre- and post-cut frames, which are separated by the 5 s COLA event. (d) Schematic
of COLA orthogonal to the AP-axis. (e) Response to orthogonal COLA with pre- and post-cut
images and their enlarged overlay. (f) Kymograph of COLA orthogonal to the AP-axis. The
values obtained for the initial velocities are v0,⊥= 6.3± 2.8 µm/min (n=12) for cutting along the
AP-axis and v0,‖= 6.3± 2.5 µm/min (n=6) for cutting orthogonal to the AP-axis, demonstrating
that tension is isotropic prior to symmetry breaking. Scale bars are 5 µm.
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Supplementary Figure 9: COLA across the pseudocleavage (PC) furrow in NMY-2::GFP
zygotes. The PC furrow region of the cortex bisects the retracting anterior from the spreading
posterior domain. While there is no evidence for direction-specific alignment or compressed
cortical architecture elsewhere in the cortex, the PC furrow forms a distinct ingression, in-
dicative of aligned filaments for generating constricting forces. We hypothesize that filament
alignment should lead to an even higher orthogonal tension in the PC region than in the anterior
domain. We tested this by COLA across the PC furrow along a 6 µm line (cyan) parallel to the
AP-axis and perpendicular to the PC furrow, as depicted in (a): Scissors illustrate laser abla-
tion, arrows the perpendicular cut response. (b) Pre- and post-cut frames and enlarged overlay
of the PC region (pre-cut frame in magenta, post-cut frame in green, cut line in cyan). Arrows
illustrate the cortical displacement in response to COLA across the PC furrow. (c) Kymograph
recorded perpendicular to the cut line and hence along the PC furrow, showing the initial re-
sponse of the cortex after COLA. The cut line is indicated in cyan, pre- and post-cut frames
by magenta and green arrowheads, respectively. Scale bars are 5 µm. (d) Table summarizing
the results for cuts across the PC furrow. (e) Bar plot comparing vmean0,PC for cuts across the PC
furrow (purple) and vmean0,⊥ for anterior cuts along the AP-axis (red). Note that the initial outward
velocity in the PC furrow is significantly larger, indicating that orthogonal tension in the PC is
increased as compared to orthogonal tension in the anterior domain, potentially due to filament
alignment. 10
doi: 10.1038/nature09376 SUPPLEMENTARY INFORMATION
www.nature.com/nature  
no
rm
al
is
ed
 fl
uo
re
sc
en
ce
 in
te
ns
it
y 
(a
.u
.)
NMY-2::GFP mlc-4(RNAi)
n=9
0 50 100 150 200 250
-0.5
0
0.5
1.0
1.5
time (s)
no
rm
al
is
ed
 fl
uo
re
sc
en
ce
 in
te
ns
it
y 
(a
.u
.)
NMY-2::GFP only
n=11
0 50 100 150 200 250
-0.5
0
0.5
1.0
1.5
time (s)
a
f
no
rm
al
is
ed
 fl
uo
re
sc
en
ce
 in
te
ns
it
y 
(a
.u
.)
NMY-2::GFP unc60b(RNAi)
n=10
0 50 100 150 200 250
-0.5
0
0.5
1.0
1.5
time (s)
c d
NMY-2::GFP spd-5(RNAi)b
no
rm
al
is
ed
 fl
uo
re
sc
en
ce
 in
te
ns
it
y 
(a
.u
.) n=12
0 50 100 150 200 250
-0.5
0
0.5
1.0
1.5
time (s)
e
Fl
ow
 v
el
oc
it
y 
   
  (
µ
m
/m
in
)
Fl
ow
 v
el
oc
it
y 
   
  (
µ
m
/m
in
)
N
M
Y-
2 
flu
or
es
ce
nc
e 
de
ns
it
y 
(a
.u
.)
N
M
Y-
2 
flu
or
es
ce
nc
e 
de
ns
it
y 
(a
.u
.)n=13 n=14
Relative position     along the AP-axisA P Relative position     along the AP-axisA P
0.125 0.375 0.8750.625
0
-1
-2
-3
-4
-5
0.0
0.4
0.8
1.2
1.6
0.125 0.375 0.8750.625
0
-1
-2
-3
-4
-5
0.0
0.4
0.8
1.2
1.6
Supplementary Figure 10: Internal viscosity, cortical myosin turnover and flow-density
profiles. FRAP curves of NMY-2::GFP turnover in (a) non-RNAi, (b) spd-5(RNAi), (c) unc-
60(RNAi) and (d) mlc-4(RNAi). Normalised myosin intensity shown in grey, with errors of the
mean at 95% confidence. Red curves depict the exponential fit of the recovery. Note that the
recovery time does not significantly differ between non-RNAi (28.7 ± 2.2 s) and spd-5(RNAi)
(28.8 ± 3.1 s). Turnover time is slowed down for both unc-60(RNAi) (76.3 ± 9.8 s) and mlc-
4(RNAi) (80.7 ± 4.6 s). (e, f) Corresponding AP profiles for myosin distribution (black) and
flow velocity (green circles) for the conditions shown in (c, d). The hydrodynamic length scale
for each case was determined by fitting the velocity profiles as described in Supplementary Sec-
tion 4.3 (solid and dashed green curves), yielding ` = 0.57·AP length for (e) and ` = 0.68·AP
length for (f), which is significantly larger than the characteristic `=0.30·AP length for non-
RNAi conditions. Note also that flows are slower in comparison to non-RNAi flow velocities.
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Supplementary Figure 11: Velocity profiles of cortical flow before and after Cytochalasin D
impact. AP flow velocity was quantified by PIV in 14 bins (two omitted on either side) from an
embryo expressing GFP::MOE (a) 28s after and (b) 94s after treatment with Cytochalasin D.
Cortical flows ceased to be long-ranged at the later time, and we observe a brief period of short-
ranged flow with regions that appear to contract independently of one another. Subsequently,
the cortex loses its integrity completely and cortical motion ceases after ≈160 s post treatment
(see also Supplementary Movie 14).
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Supplementary Figure 12: Overview over p-values obtained by unpaired t-tests. p-values
for pairwise data sets of initial outward velocity v0. Anterior COLA velocities are shown in red,
posterior ones in blue. Filled bars depict the values for the orthogonal direction (v0,⊥) and open
bars for the parallel direction (v0,‖).
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Supplementary Figure 13: Schematic illustrations of simplified cortical models and COLA
response. Elastic elements are represented by springs, viscous elements by dashpots, and active
elements that generate contractility by spinning circles. (a) For short time scales the cortex
behaves like an active viscoelastic solid, which is described by a Kelvin-Voigt material with a
spring and a dashpot in parallel to the active contractile element. This is the model we apply
to analyse the COLA response (see below, (c)). (b) For time scales long compared to this
viscoelastic relaxation time, the cortex behaves like an active viscous fluid (a dashpot in parallel
to the active contractile element). We apply a continuum version of this model when analysing
flow (Supplementary Section 4.3). Note that the dashpot in the Kelvin-Voigt model represents
dissipation from fast movements that is negligible at longer times. (c) For describing the COLA
response, we apply the Kelvin-Voigt description. Prior to ablation, tension and contractility
balance. Upon ablation (yellow scissors), the tension is zero, but the active contractile forces
flex the spring, thereby displacing the position of the material, x (Supplementary Section 4.2).
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Supplementary Figure 14: Green’s function for a contractile step gradient. Solution of
Eq. (2), with v(0) = v(1) = 0, for a step in contractility at x˜ = 0.7 (corresponding to 30%
retraction) for various values of the dimensionless length scale `/L (L being the AP length) in
units such that the peak velocity and contractility below x˜ = 0.7 are unity. The velocity v is
plotted in black (left axis) and the contractility C in blue (right axis). Note that ` determines
how long-ranged the effects of local contractility steps are in the cortex.
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2 Supplementary Materials and Methods
2.1 Quantification of inter-foci spacings
Average foci size and inter-foci distances were determined by segmenting individual NMY-
2::GFP micrographs at 30% retraction using Matlab. The fluorescent micrographs were thresh-
olded and subjected to several steps of erosion and dilation before determining the area, equiv-
alent diameter and centroid position of segmented foci. Subsequently, inter-foci distances were
calculated for neighbouring foci pairs from their centroid positions, and their angle of their
connecting line with respect to the AP-axis was determined. Inter-foci distances were binned
according to these angles, yielding the result displayed in Supplementary Fig. 6.
2.2 Quantification of naturally occurring ruptures
Naturally occurring ruptures were defined as events where neighbouring foci abruptly moved
away from each other, followed by new actomyosin accumulation (new foci formation) in be-
tween the diverging foci. They were quantified manually from NMY-2::GFP only or NMY-
2::GFP spd-5(RNAi) movies imaged on an inverted Olympus - IX71 microscope using a 100×
oil immersion objective lense (Olympus UPlanSApo, 1.4 NA), a spinning disk confocal head
(Yokogawa) and an Andor iXon EMCCD camera. Images were acquired as cortical Z-stacks
of 3 planes at 0.5 µm spacing with an interval time of 5 s between stacks (iQ software, Andor
Technology). Note that ruptures were not evident in the majority of movies, and we selected
two movies for each condition with a high incidence of ruptures for our quantification. Rupture
events were manually scored and binned according to their angle with respect to the AP-axis
(ImageJ 1.33u, Wayne Rasband NIH, USA), as depicted in Supplementary Fig. 7.
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3 Supplementary Tables
Term Definition Measurement
Cortical tension T Total mechanical tension that resides in the cor-
tex; cortical tension along the AP-axis is re-
ferred to as parallel cortical tension T‖, cortical
tension orthogonal to the AP-axis as orthogo-
nal cortical tension T⊥.
Measured by COLA, proportional to
the initial velocity v0 of the material
adjacent to the cut line.
Actomyosin
contractility C
Active tension resulting from the forces gener-
ated by cortical myosin on actin filaments.
Not directly measurable; assumed to
be a function of myosin density.
Flow velocity v Velocity of the cortex in the anterior-posterior
direction. Note that all material within the cor-
tex, and yolk granules adjacent to it, are flow-
ing at similar speeds.
Measured by particle image ve-
locimetry (PIV).
Supplementary Table 1: Summary of the physical terms.
Note that all stresses are integrated over the cortical thickness (i.e., 2D stresses), rendering a
unit of tension (force per length).
Supplementary Table 2: Comprehensive overview over COLA results for all conditions
shown (next page).
Velocity decays were fitted for different resealing kinetics, assuming either a constant resealing
velocity d: v(t) = v0 e−t/τ − d, or a linear resealing term bt: v(t) = v0 e−t/τ − bt. On average
the linear resealing term gave higher R2 values, which is why we chose to display the data
assuming linear resealing kinetics in the main text. Note that we also performed anterior COLA
in polarising non-RNAi zygotes at an earlier time point (at about 15-20% retraction), and found
very similar results as compared to the results obtained at 30% retraction given in the table
(vmean0,‖ : 8.84 ± 3.24 µm/min, n=10; vmean0,⊥ : 4.35 ± 3.10 µm/min, n=7).
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NMY-2::GFP only
Ant⊥ Post⊥
n 120 88
vmean0 (µmmin
−1) 9.15 ± 0.84 3.81 ± 0.82
constant resealing linear resealing constant resealing linear resealing
R2 0.9882 0.9912 0.9837 0.980
vfit0 (µmmin
−1) 8.30 ± 0.62 7.89 ± 0.56 5.11 ± 0.44 3.87 ± 0.43
τ (s) 2.97 ± 0.41 2.73 ± 0.27 5.16 ± 1.29 3.86 ± 0.86
d (µmmin−1) 0.473 ± 0.237 – 1.284 ± 0.433 –
b (µmmin−1 s−1) – 0.0384 ± 0.0147 – 0.0796 ± 0.0207
Ant‖ Post‖
n 63 47
vmean0 (µmmin
−1) 4.97 ± 0.93 4.29 ± 1.06
constant resealing linear resealing constant resealing linear resealing
R2 0.9827 0.9871 0.9721 0.9711
vfit0 (µmmin
−1) 4.97 ± 0.42 4.12 ± 0.41 4.38 ± 0.47 3.74 ± 0.47
τ (s) 4.04 ± 0.80 3.03 ± 0.45 4.80 ± 1.50 4.04 ± 1.01
d (µmmin−1) 0.963 ± 0.248 – 0.661 ± 0.408 –
b (µmmin−1 s−1) – 0.0663 ± 0.0112 – 0.0406 ± 0.0208
NMY-2::GFP, spd-5(RNAi)
Ant⊥ Post⊥
n 26 23
vmean0 (µmmin
−1) 10.16 ± 2.03 8.61 ± 2.40
constant resealing linear resealing constant resealing linear resealing
R2 0.9902 0.9893 0.9890 0.9900
vfit0 (µmmin
−1) 11.06 ± 0.80 10.79 ± 0.87 11.63 ± 0.88 11.31 ± 0.96
τ (s) 2.52 ± 0.27 2.38 ± 0.23 2.42 ± 0.28 2.26 ± 0.24
d (µmmin−1) 0.355 ± 0.183 – 0.410 ± 0.182 –
b (µmmin−1 s−1) - 0.0277 ± 0.0147 - 0.0323 ± 0.0147
Ant‖ Post‖
n 25 21
vmean0 (µmmin
−1) 8.76 ± 1.43 8.86 ± 1.78
constant resealing linear resealing constant resealing linear resealing
R2 0.9920 0.9922 0.9879 0.9903
vfit0 (µmmin
−1) 9.53 ± 0.60 9.30 ± 0.60 8.55 ± 0.68 8.23 ± 0.63
τ (s) 2.50 ± 0.27 2.38 ± 0.22 2.41 ± 0.31 2.22 ± 0.23
d (µmmin−1) 0.277 ± 0.162 – 0.404 ± 0.176 –
b (µmmin−1 s−1) - 0.0227 ± 0.0125 - 0.0345 ± 0.0124
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4 Supplementary Notes, Text and Equations
4.1 Theoretical description of the actomyosin cortex
The cortex consists of a dynamic network of crosslinked semiflexible actin polymers immersed
in a solution. In addition to elastic stresses stored in the network, the cortex experiences dis-
sipation both through interactions between the filaments and the entrained fluid and through
network remodelling. Furthermore, myosin motors generate active stresses in the network,
driven by ATP hydrolysis. This has prompted theoretical treatments of the cortex as an active
viscoelastic material10, 27, 48, and we employ this general framework in the context of our experi-
ments. In general, cytoskeletal materials exhibit complex viscoelastic behaviour49, 50. However,
for very short and very long time scales, the dynamics are effectively governed by few phe-
nomenological parameters. Our experiments occur at these limits: fast localized responses due
to tension release upon COLA and slow cortical flows. We employ simple models for each of
these two limits (Supplementary Fig. 13a and 13b, respectively).
4.2 Fast relaxation after COLA
The viscoelastic cortex shows elastic behaviour on short time scales. The relaxation after laser
ablation occurs within a few seconds and is fast compared to the viscoelastic relaxation time that
arises from turnover. We can therefore describe the COLA response as the relaxation of elastic
stresses stored in the cortex, set by the total mechanical tension in the system prior to ablation.
This relaxation is damped by frictional dissipation resulting from fluid-network interactions. In
the simplified discussion we present here, we describe the cortex as shown in Figure S13c. The
dynamics of rapid displacements induced by laser ablation are then specified by
ζ x˙ = −k x− C + T. (1)
Here, x denotes the position of the edge of the ablated region, T is the mechanical tension
present in the system and C is the active tension (contractility) in the neighbouring cortex. The
elastic stiffness k and damping coefficient ζ have the thickness of the cortex absorbed into them
for dimensional correctness. We assume that C is constant on the short time scales of the COLA
experiment. When the cortex is ablated, it can no longer support tension, so T is zero. Thus,
T (t) = T0(1− U(t)), where T0 is the tension prior to ablation and U(t) is a unit step function.
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Eq. (1) is solved by
v = x˙ = −T0
ζ
e−t/τ ; t > 0,
where τ ≡ ζ/k. Since the properties of the cytosol, and therefore the fluid entrained in the
cortex, do not appear to vary throughout the embryo40, ζ is expected to be uniform. Therefore,
the ratio of initial velocities is equal to the ratio of cortical tensions for any pair of COLA
experiments. Furthermore, the decay constant τ is inversely proportional to the stiffness of the
cortex.
4.3 Hydrodynamic description of cortical flow
Conversely, elastic contributions are negligible and the stresses are viscous in nature for cortical
flows, since the network turns over on time scales faster than those of flows. In this regime, the
total cortical tension is given by
T (x) = C(x) + η
∂v
∂x
,
where η is an effective viscosity describing resistance of the cortex to expansion and compres-
sion. The force balance is
∂T
∂x
= γ v,
where γ is a coefficient characterizing frictional forces∗ arising from interactions with the mem-
brane and cytosol. We therefore get
∂ C
∂x
= −η ∂
2 v
∂x2
+ γ v
∗For the sake of clarity, we highlight the distinctions among the coefficients ζ, η, and γ. First, ζ characterizes the
frictional losses due to interactions between the network and the entrained fluid. These losses occur on short time
scales, much shorter than the turnover time of the cortex. Second, η is an effective viscosity which characterizes
the resistance of the network to the expansion and compression associated with flow on time scales longer than
the turnover time of the cortex. Finally, γ characterizes the frictional forces associated with sliding along the cell
membrane and cytosol. These frictional forces are negligible during COLA because the movement of the cortex
occurs over small length scales.
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as the equation of motion. From this, it is clear that a gradient in contractility drives flow against
viscous dissipation and frictional losses. Normalising position with respect to the AP length L
by defining x˜ ≡ x/L, we have
1√
η γ
∂ C
∂x˜
= − `
L
∂2 v
∂x˜2
+
L
`
v, (2)
where ` ≡ √η/γ is the spatial decay length of velocity in response to a local change in con-
tractility.
To illustrate the velocity profile resulting from a local gradient in contractility, we solve Eq. (2)
for
C(x˜) =
{
C0 for x˜ < 0.7
0 for x˜ > 0.7
,
with boundary conditions v(0) = v(1) = 0. The result is plotted in Fig. 14 for various values
of `/L. We see that when ` L (i.e., frictional forces dominate over viscous ones), the step in
contractility results only in local flow, as opposed to large-scale flow though the entire embryo
for larger `.
To fit the experimentally observed myosin density and velocity profiles with Eq. (2), we assume
that the contractility is a function of the observed NMY-2::GFP fluorescent intensity I , C =
C(I). Thus, for the measured I(x˜), we solve
∂
∂x˜
C(I) = − `
L
∂2v
∂x˜2
+
L
`
v, (3)
where we have absorbed a factor of 1/
√
η γ into C, to obtain the velocity profile v(x˜).
We take I(x˜) to be a piecewise-linear interpolation of the measured fluorescence intensity and
impose boundary conditions that v matches the measured velocity at the leftmost and rightmost
points. Assuming the specific forms for C(I) given by Eqs. (4) and (5), we find the parameters
` and C0 for which v(x˜) best fits the measured velocity profile by minimising the sum of the
square of the residuals. For the fits in Fig. 4b and Supplementary Fig. 10e,f, we have taken a
linear (solid green curve) and a saturating (dashed green curve) relationship between the myosin
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fluorescence intensity and contractility:
C(I) = C0 I (solid curve, linear proportionality) (4)
C(I) = C0
I
K + I
with K = 0.75 (dashed curve, saturation), (5)
whereK has the same arbitrary units as the plotted NMY-2::GFP intensity. A reason for assum-
ing a saturating relationship is that the densest spots of myosin are likely to mark maximally
contracted and stalled, rather than contractile, parts of the network. Note that the value of ` does
not change significantly with K, suggesting that it depends more on the shape of the velocity
profile than on the details of the relationship between myosin intensity and active tension.
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5 Supplementary Movie Legends
Supplementary Movie 1: Anterior COLA along the AP-axis in a polarising NMY-2::GFP
zygote. Cortical view of the embryo; COLA was performed at time −5 s (≈ 30% retraction)
along the 6 µm line indicated in cyan.
Supplementary Movie 2: Posterior COLA along the AP-axis in a polarising NMY-2::GFP
zygote. Cortical view of the embryo; COLA was performed at time −5 s (≈ 30% retraction)
along the 6 µm line indicated in cyan.
Supplementary Movie 3: Anterior COLA along the AP-axis in a polarising GFP::MOE zygote.
Cortical view of the embryo; COLA was performed at time −5 s (≈ 30% retraction) along the
6 µm line indicated in cyan.
Supplementary Movie 4: Anterior COLA along the AP-axis in an NMY-2::GFP, spd-5(RNAi)
zygote. Cortical view of the embryo; COLA was performed at time −5 s (that corresponded to
≈ 30% retraction in non-RNAi embryos, as judged by pronuclear size and time to maintenance
phase transition) along the 6 µm line indicated in cyan.
Supplementary Movie 5: Posterior COLA along the AP-axis in a NMY-2::GFP, spd-5(RNAi)
zygote. Cortical view of the embryo; COLA was performed at time −5 s along the 6 µm line
indicated in cyan.
Supplementary Movie 6: Anterior COLA along the AP-axis in a polarising NMY-2::GFP, ect-
2(RNAi) zygote. Cortical view of the embryo; COLA was performed at time −5 s along the
6 µm line indicated in cyan.
Supplementary Movie 7: Anterior COLA along the AP-axis in a polarising NMY-2::GFP,
rga-3(RNAi) zygote. Cortical view of the embryo; COLA was performed at time−5 s along the
6 µm line indicated in cyan.
Supplementary Movie 8: Anterior COLA orthogonal to the AP-axis in a polarising NMY-
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2::GFP zygote. Cortical view of the embryo; COLA was performed perpendicular to the AP-
axis (measuring the response along the axis, i.e., v0,‖) at time−5 s (≈ 30% retraction) along the
6 µm line indicated in cyan.
Supplementary Movie 9: Anterior COLA orthogonal to the AP-axis in a NMY-2::GFP, spd-
5(RNAi) zygote. Cortical view of the embryo; COLA was performed at time −5 s along the
6 µm line indicated in cyan.
Supplementary Movie 10: Posterior COLA orthogonal to the AP-axis in a NMY-2::GFP, spd-
5(RNAi) zygote. Cortical view of the embryo; COLA was performed at time −5 s along the
6 µm line indicated in cyan.
Supplementary Movie 11: PIV of NMY-2::GFP during polarity establishment. Maximum
intensity projection of four 0.5 µm-spaced planes per Z-stack at the cortical surface of the
embryo with a 5 s interval between individual Z-stacks. Arrows indicate the displacement from
one frame to the next, with arrow length corresponding to velocity.
Supplementary Movie 12: Posterior COLA orthogonal to the AP-axis in a polarising NMY-
2::GFP zygote. Cortical view of the embryo; COLA was performed at time−5 s along the 6 µm
line indicated in cyan.
Supplementary Movie 13: External friction, inernal viscosity and the hydrodynamic length
scale. The reaction of the cortex to localised contractions depends on external friction and
internal viscosity, which together define a hydrodynamic length scale `.
Supplementary Movie 14: Period of cortical flow in a GFP::MOE zygote treated with Cy-
tochalasin D. Normal long-ranged flow is followed by a brief period of short-ranged motion
after Cytochalasin D impact, before all motion ceases due to a complete loss of cortical in-
tegrity.
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